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Materials under shear
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Yie lding transition: dynamical melﬂng transttion
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Elastic, plasﬁc strain and avalanches
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Plastic strain and avalanches
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Dep nning transttion of an elastic inte(face
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magnetic film, domain wall dynamics

by V. Jeudy & A. Mougin in Paris-Saclay



Depinning of a crack ﬁron’c
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propagation of crack fronts in PMMA,
by S. Santucci in ENS- Lyon
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Yie ding and Dep Inning transition
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Four questions:

¢ Scaling descrqoﬁon of yielding in the liqu'wl plaase
¢ Transient in solid phase 1: spanning system avalanches
¢ Transient in solid p’aase 2: failwfe & sp inodal

¢ Aniso’crop LC soﬁ mocles as failwre PTeCUrsors
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Cellular automaton for dep nning




Shear Transformations (Argon)

on Van Hecke group



Elas’co—p lastic models




The elastic part
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The plasﬂc part

(Shear Transformation)



The plastic part
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Which kernel redistribution ?

K 1 "
Depinning (2D): G;; = K hd Positive
0

Eshelby (2D): G;; = cos 0 Positive and negative
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e \[ean Field Models
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Yielding/ Eshelby » Depinning/ Elastic

G+, positive or negative G+ positive

e two thresholds e only one threshold

e non abelianity e abelianity

diffusion (mechanical temperature) ballistic behaviour



Yielding/ Es’anoy Depinning/Lap lacian
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Avalanche Statistics
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® free scale statistics: G-R exponent

® cut-off scaling: fractal dimension



Avalanches: ﬁractal dimension
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Avalanche: G-R exponent
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Yield stress ﬂuc’cuaﬁon

<ZC(L)>:E + ki L7V + ...
L) = ks vt

Oy Vr = / G(Fr—7)vm + X + Jdls(7 )

We add a tilt o' of zero spatial average and defines 4, = 7, + G, 1 “lt

ar = 0 Eshelby, ap = 2 Laplacian



Avalanches: duration

T = 0ty + 0to + ... 0t = !
# unstable sites

T ~ L~

e 2 > 1 Elastic Depinning diffusion in the compact avalanche

e 2z < 1 Yielding super-balistic trip in the sparse avalanche

In Depinning we have two independent exponents (d, 2)

How many independent exponent we expect for the Yielding transition?



Hersche l—Buckley exponent
'f — (Z — ZC)_V
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Critical exponents and scal'mg relations

exponent expression relations 2d measured /prediction | 3d measured/prediction
0 P(z) ~ 2 0.57 0.35
2 T ~ I? 0.57 0.65
dy Se ~ L% 1.10 1.50
A Y~ (X=X | B=1+2/(d—dy) 1.52/1.62 1.38/1.41
T p(S) ~ ST T=2— e%% 1.36/1.34 1.45/1.48
v E~ (12 =2)7Y v=1/(d—dy) 1.16/1.11 0.72/0.67




Scal'mg behaviour in liquid phase

e Our model - no relaxation time and steady state -
displays a genuine second order phase transition

e Non abelianity and long range interactions
induce a pseudo gap of the soft modes (6 > 0)

e 3 scaling relations with 3 independent exponents
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Transient in the solid plaase : Spanning system avalanches
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Spannmg system avalanches (transient
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D@fferen’c quenc hes for diﬂ%ren’c materials
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Three scenarios: monotonous, overshoot or failwe
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Spanning system avalanches for colloids

2.0 —
()1 =012
1.5 -
B [0.00, 0.02]
@® [0.02, 0.04]
1.04 A 1[0.04,006
V¥ [0.06, 0.08]
€ [0.08,0.10]
054 <« 1[0.10,0.12]
» [0.12,0.14]
@® [0.14,0.16
004 Y% [0.16,0.18] i
@ [0.18,0.20]
@ [0.20, 0.30]
-0.5 ' | ' | ' | ' | ' | ' | ' | '
2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2

Log N




<S>

MMC’/'L lQSS spanning fOV glasses.’
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Brittle Jumps for theta in glasses samp les
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Transient: Failure & sp inodal: dep nning solution
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Sta’oility analys S

1 Kx 1 ,
%ﬁ: K 1 ko L Mean Kick

Mean jump = =

ox
/0 Pv(x)da;:ﬁ = 5x:Pfy(O)Ld Mean gap

If Mean gap < Mean Kick = macroscopic failure
If Mean gap > Mean Kick = finite avalanche

If Mean gap = Mean Kick = critical avalanches



P,(x)
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Sp inodal transition with Precursor avalanches
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Second order transition with Precursor avalanches
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Finite dimension eﬁfects

¢ Failure in trlggered /oy localised shear band

¢ Role of rare defec’ts

4 exponents can c’aange
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Soﬁ modes, Shear ‘cransformaﬁons and failwfe




SOﬁ modes and Anderson model
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SOft modes &Ufld AﬂdEVSOVl model
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Single impurity model
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Conclusions for this transient Vegime:

& Failure as Sp inodal transition
& Large avalanches before failure (at least in MF)

¢ Pseudo gap evo lution for diﬂ%vent preparation
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